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JITTER BUFFER MANAGEMENT FOR 
MOBILE COMMUNICATION HANDOFFS 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to telecommunications, and more particularly 
to jitter buffer management within conununication devices. 
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BACKGROUND OF THE INVENTION 

A user of a communication device, such as a mobile phone, may find it 
necessary during use to transition between two or more networks as the user moves. 
To avoid disrupting communication, the communication device may transition to a 
new network before the mobile phone loses connectivity over the original network. 
However, differences between the two networks may make it difficult to avoid 
disrupting communication. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, disadvantages and problems 
associated with jitter buffer management have been substantially reduced or 
eliminated. In particular, a method and system are disclosed for managing jitter 
5 buffers to provide seamless handoffs between multiple communication networks. 

In accordance with one embodiment of the present invention, a method of 
providing communication service includes determining a first playback delay based 
on one or more network characteristics of a first network and one or more network 
characteristics of a second network. The method also includes storing media received 

10 from the first network in a first buffer and playing media received from the first 

network afl:er the media received from the first network has been stored in the first 
buffer an amoimt of time based on the first playback delay. The method fiirther 
includes detecting a handoff trigger and storing media received from the second 
network in a second buffer, in response to detecting the handoff trigger. The method 

1 5 additionally includes playing media received from the second network. 

In accordance with another embodiment of the present invention, a method of 
providing communication service includes determining a first minimum delay based 
on one or more network characteristics of a first network and one or more network 
characteristics of a second network and determining a first current delay for a first 

20 buffer. The first current delay is greater than or equal to a first minimum delay. The 

method further includes storing media received from the first network in the first 
buffer and playing media received from the first network after the media received 
from the first network has been stored in the first buffer an amount of time based on at 
least the first current delay. The method also includes detecting a handoff trigger and 

25 storing media received from the second network in a second buffer, in response to 

detecting the handoff trigger. The method additionally includes playing media 
received from the second network. 

Technical advantages of certain embodiments of the present invention include 
providing buffer management techniques that adapt to characteristics of both 

30 networks involved in a handoff to allow for seamless switchover between media 

received from the two networks. Other technical advantages of certain embodiments 
of the present invention include the ability to balance playback delay and packet loss. 
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Other technical advantages of the present invention will be readily apparent to 
one skilled in the art from the following figures, descriptions, and craims. Moreover, 
while specific advantages have been enumerated above, various embodiments may 
include all, some, or none of the enumerated advantages. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and its 
advantages, reference is now made to the following description, taken in conjunction 
with the accompanying drawings, in which: 
5 FIGURE 1 illustrates a commimication system according to a particular 

embodiment of the present invention; 

FIGURE 2 is a block diagram illustrating contents of a mobile communication 
device according to a particular embodiment; 

FIGURE 3 is a block diagram illustrating contents of a mobile communication 
10 device according to an alternative embodiment; and 

FIGURE 4 is a flowchart illustrating steps for providing communication 
service utilizing a particular embodiment of the communication system. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates a communication system 10 that provides 
commimication service to a mobile station 20. Communication system 10 includes 
mobile station 20, a node 30, a first network 40, and a second network 50. 
Communication system 10 supports commimication between mobile station 20 and 
node 30 using a first communication link 60 established over first network 40 or a 
second communication link 70 established over second network 50. Mobile station 
20 buffers media received fi*om first communication link 60 and second 
communication link 70 in jitter buffers. To avoid disruption of communication during 
handoff, mobile station 20 utilizes jitter buffer management techniques that allow 
mobile station 20 to satisfy de-jittering requirements of the individual networks and to 
ensure that appropriate media is available after switchover despite potential 
differences between the two networks. More specifically, mobile station 20 achieves 
a seamless switchover between communication over first network 40 and 
communication over second network 50 by setting and/or adjusting playback delay 
parameters for the jitter buffers based on characteristics of both first network 40 and 
second network 50. 

Mobile station 20 provides wireless communication services to a user of 
mobile station 20. Mobile station 20 may provide the user voice, video, and/or data 
communication. Mobile station 20 is capable of transmitting and receiving media 
according to one or more protocols associated with first network 40 and one or more 
protocols associated with second network 50. Additionally, mobile station 20 may be 
operable to receive and transmit media in any appropriate format. Although the 
following description describes mobile station 20 as receiving and transmitting media 
in the form of "packets", the media received and transmitted by mobile station 20 may 
represent packets, frames, cells, a continuous or intermittent media stream, and/or 
media structured in any other appropriate manner. Furthermore, mobile station 20 
may receive different forms of media from first network 40 and second network 50. 
In a particular embodiment, mobile station 20 receives mobile-IP packets from first 
network 40 and a continuous stream of media segmented into frames from second 
network 50. Examples of mobile station 20 include mobile phones, personal digital 
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assistants ("PDAs"), laptop computers, and any other portable communication device 
suitable for use with communication system 10. 

First network 40 and second network 50 represent any form of communication 
networks supporting circuit-switched, packet-based, and/or any other suitable type of 
5 communication. Moreover, first network 40 and second network 50 may each 

represent one or more separate networks. First network 40 and second network 50 
may each include routers, hubs, switches, gateways, call controllers, or any other 
suitable components in any suitable form or arrangement. In general, first network 40 
and second network 50 may each comprise any combination of public or private 

10 communication equipment such as elements of PSTN, a global computer network 

such as the intemet, a local area network (LAN), a wide-area network (WAN), or 
other appropriate communication equipment. 

Additionally, network characteristics associated with first network 40 and 
second network 50 may affect communication transmitted over these networks. As 

15 one example, each path between mobile station 20 and node 30, within a particular 

network, may have a fixed delay that represents an amount of time conmiunication 
traffic will take to travel that path absent the presence of other traffic and any 
congestion-related delays on the path. The fixed delay may vary for different paths of 
the network. Thus, each network may possess a minimum network delay that is 

20 associated with the shortest path between mobile station 20 and node 30, and a 

maximum network delay associated with the longest path. Furthermore, both the 
minimum network delay and the maximum network delay may represent individual 
values or ranges of values. In general, differences in network delay between the two 
networks may create difficulties for mobile station 20 in synchronizing packets 

25 received over first network 40 with those received over second network 50 during a 

handoff 

As another example, first network 40 and second network 50 may each have a 
network jitter that adds a variable amount of additional delay to the transmission of 
packets on the two networks and that may also cause packets transmitted over the 
30 network to arrive out of order at mobile station 20. Network jitter may be the result of 

traffic on the relevant network or other factors that create delay in addition to the 
fixed delay of the network. In a particular embodiment, as discussed in greater detail 



ATTORNEY'S DOCKET PATENT APPLICATION 

062891.1215 

8 

below, mobile station 20 uses jitter buffers to compensate for both fixed delay and 
network jitter of first network 40 and second network 50, so that mobile station 20 
may perform a seamless switchover between communication on first network 40 and 
commxmication on second network 50. 
5 Node 30 communicates with mobile station 20 over first network 40 and/or 

second network 50 using a first communication link 60 and/or a second 
communication link 70, respectively. Node 30 may represent a node located within a 
communication network, a node connecting neighboring communication networks, or 
a terminal unit of a communication network. In a particular embodiment, node 30 

10 represents a handoff server capable of facilitating communication between mobile 

station 20 and a remote element over first network 40, and also of transferring 
communication between mobile station 20 and the remote element to second network 
50, in response to a handoff trigger. 

In operation, mobile station 20 initiates a communication session through node 

15 30 over first network 40. Mobile station 20 may initiate the communication session in 

any manner appropriate to establish a communication path by which mobile station 20 
can transmit media to node 30 or to a remote element through node 30. As part of 
initiating the communication session, mobile station 20 may establish a first 
commimication link 60 with node 30 over which mobile station 20 and node 30 may 

20 communicate media. For example, mobile station 20 may establish a circuit-switched 

communication link between mobile station 20 and node 30 on first network 40 and 
initiate a cellular call over the circuit-switched communication link. As another 
example, mobile station 20 may initiate the communication session by establishing a 
mobile-IP tunnel over first network 40 and/or perform call setup for a VoIP 

25 communication session over the mobile-IP tunnel. The commimication session may 

represent a telephone call, a chat session, a video stream, a facsimile transmission, or 
any other appropriate form of communication. 

As part of the communication session, mobile station 20 may communicate 
media with node 30, using any communication protocol appropriate for first network 

30 40. For example, if first network 40 represents a circuit-switched network, mobile 

station 20 may communicate information using conventional cellular techniques. As 
another example, if first network 40 represents a packet-based network, mobile station 
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20 may communicate information using conventional mobile-IP and VoIP techniques. 
For the purposes of illustration, FIGURE 1 shows mobile station 20 and node 30 
commxmicating over first communication link 60 in the form of first network packets 
210, After receiving first network packets 210 fi^om node 30, mobile station 20 may 
5 play, display, or otherwise present first network packets 210 received over first 

communication link 60 to a user of mobile station 20. In a particular embodiment, 
mobile station 20 establishes a cellular voice call between mobile station 20 and node 
30, and mobile station 20 plays audio signals received in first network packets 210 
firom node 30. 

10 During commimication, mobile station 20 or first network 40 may detect a 

handoff trigger. The handoff trigger may represent any suitable event indicating to 
the detecting component that a handoff between first network 40 and second network 
50 is appropriate. For example, handoff trigger may represent a determination by 
mobile station 20 or first network 40 that a signal strength associated with first 

15 network 40 or mobile station 20, respectively, is below a predetermined threshold, a 

determination by mobile station 20 that a signal strength associated with second 
network 50 is greater than the signal strength associated with first network 40, receipt 
of an input fi"om a user indicating a desire to switch networks, or any other 
appropriate event detected by mobile station 20 or first network 40. 

20 As a result of the handoff trigger, mobile station 20 may execute a handoff to 

transfer communication from first network 40 to second network 50. To initiate the 
handoff, mobile station 20 may signal to node 30 a desire to initiate a handoff, contact 
a component of second network 50, and/or take any other appropriate steps to execute 
the handoff. During the handoff, mobile station 20 may initiate a second 

25 communication link 70 between mobile station 20 and node 30 over second network 

50. 

Second communication link 70 may represent one or more segments in a 
commimication path coupling mobile station 20 and node 30 over second network 50. 
As discussed above with respect to first communication link 60, mobile station 20 
30 may establish second communication link 70 in any maimer appropriate to establish a 

communication path by which mobile station 20 can transmit information associated 
with the communication session to node 30. As one example, mobile station 20 may 



ATTORNEY'S DOCKET 
062891.1215 



PATENT APPLICATION 



10 

establish second communication link 70 by establishing a circuit-switched connection 
between mobile station 20 and node 30 on second network 50. As another example, 
mobile station 20 may establish second commimication link 70 by establishing a 
mobile-IP tunnel and/or performing other appropriate IP signaling with node 30 over 
5 second network 50. After establishing second communication link 70, mobile station 

20 begins to receive packets associated with the communication session over second 
network 50, shown in FIGURE 1 as second network packets 215, 

After establishing second communication link 70, mobile station 20 may also 
synchronize media received over second communication link 70 with media received 

10 over first communication link 60 to provide a seamless handoff between 

communication on first network 40 and second network 50 so that the handoff is 
transparent to the user. More specifically, mobile station 20 may identify a second 
network packet 215 associated with the same point in the commimication session as 
the first network packet 210 currently being played by mobile station 20. For 

15 example, based on a comparison of sequence numbers or time stamps, a cross- 

correlation of media samples, or a consideration of any other appropriate 
characteristics of first network packets 210 and second network packets 215, mobile 
station 20 may determine a second network packet 215 generated at or near the same 
time as the first network packet 210 currently being played to the user. In a particular 

20 embodiment, first network 40 represents a packet-based network and first network 

packets 210 represent mobile-IP packets, while second network 50 represents a 
circuit-switched cellular network and second network packet 215 represents fi-ames of 
a continuous media stream. In this embodiment, mobile station 20 may synchronize 
the mobile-IP packets and the media stream by performing a cross-correlation of the 

25 voice signals included in the mobile-IP packets and the media stream. Mobile station 

20 may, as a result, determine a fi-ame in the media stream that corresponds to the 
mobile-IP packets currently being played by mobile station 20. 

Additionally, first network 40 and second network 50 may possess one or 
more characteristics that affect communication over first communication link 60 and 

30 second communication link 70, and thus, may impact synchronization of first 

coramunication link 60 and second communication link 70. For example, network 
delay on first network 40 or second network 50 may cause communication received 
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by mobile station 20 over first communication link 60 or second communication link 
70, respectively, to lag behind commimication received over the other link. As 
another example, network jitter on first network 40 or second network 50 may cause 
information transmitted to mobile station 20 over first communication link 60 and 
second commimication link 70, respectively, to arrive at mobile station 20 out of 
order. Thus, the corresponding second network packet 215 may arrive prior to, at the 
same time, or after the first network packet 210 being played by mobile station 20 at 
the time of switchover. To seamlessly continue playing media fi^om the 
communication session, mobile station 20 utilizes jitter buffers configured based on 
network characteristics of first network 40 and/or second network 50 to compensate 
for the effects of network delay and jitter, as described in greater detail with respect to 
FIGURE 2. 

FIGURE 2 illustrates in greater detail the contents of mobile station 20. In a 
particular embodiment, mobile station 20 includes a processor 1 10, a first buffer 130, 
a second buffer 140, a first interface 150, a second interface 160, and an output 
module 170. First buffer 130 and second buffer 140 store media received on first 
interface 150 and second interface 160 before the media is provided to output module 
170 to be output to a user. 

Processor 110 executes instmctions associated with the configuration and 
operation of first interface 150, second interface 160, first buffer 130, and second 
buffer 140, and other appropriate components of mobile station 20. Processor 110 
may access memory 120 to retrieve and execute stored instructions. Processor 110 
may be a general-purpose computer, dedicated microprocessor, or other device 
capable of processing electronic information, including any appropriate controlling 
logic. Examples of processor 110 include application-specific integrated circuits 
(ASICs), field-programmable gate arrays (FPGAs), digital signal processors (DSPs) 
and any other suitable specific- or general-purpose processors. 

First interface 150 and second interface 160 facilitate communication between 
mobile station 20 and first network 40 and/or second network 50. In a particular 
embodiment, first interface 150 and second interface 160 may each be capable of 
communicating according to one or more communication protocols supported by 
mobile station 20. First interface 150 and second interface 160 may be configured to 
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communicate using a common set of communication protocols, or first interface 150 
and second interface 160 may each support a different set of communication 
protocols. First interface 150 and second interface 160 may include any appropriate 
combination of hardware and/or software suitable for providing the fimctionality 
5 described below. Additionally, first interface 150 and second interface 160 may 

represent logically distinct components or may represent, in part or in whole, common 
components. 

In the illustrated embodiment, it is assumed that mobile station 20 
communicates with first network 40 using first interface 150 and with second network 

10 50 using second interface 160. In a particular embodiment, however, first interface 

150 and second interface 160 may both be capable of communicating with either of 
first network 40 and second network 50. For example, mobile station 20 may be 
configured to initiate communication initially with an appropriate network using first 
interface 150. In such an embodiment, mobile station 20 may initiate communication 

15 using second interface 160 once mobile station 20 is already communicating over first 

interface 150. In general, mobile station 20 may be configured to communicate with 
first network 40 and second network 50 using first interface 150 and second interface 
160 in any suitable manner. 

First buffer 130 and second buffer 140 store data received by first interface 

20 150 and second interface 160, respectively. A playback delay is associated with each 

of first buffer 130 and second buffer 140. The playback delay specifies how long that 
buffer holds packets before the packets are played by mobile station 20 or otherwise 
removed firom the buffer. First buffer 130 and second buffer 140 may represent 
portions of memory 120, distinctly separate memory elements, or any other 

25 components suitable for storing data received by mobile station 20. First buffer 130 

and second buffer 140 may also represent portions of a single buffer. Additionally, 
first buffer 130 and second buffer 140 may represent static buffers having a fixed 
playback delay, or dynamic buffers having a variable playback delay. Although 
FIGURE 2 shows a mobile station 20 that includes first buffer 130 and second buffer 

30 140, mobile station 20 may be configured to include any suitable niraiber of buffers. 

Output module 170 plays, displays, or otherwise presents media received by 
mobile station 20 to the user. Output module 170 may include speakers, displays. 
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monitors, and/or any other suitable components, including software and/or hardware, 
for presenting media to the user. Output module 170 may also include any 
appropriate combination of hardware or software for formatting the media prior to 
presentation, such as digital signal processors (DSPs), digital-to-analog converters, 
and/or other suitable formatting components. 

Memory 120 may store instructions, network characteristics 180, 
configuration information 190, information identifying mobile station 20, such as a 
Mobile Identification Number (MIN), and/or any other suitable information used by 
mobile station 20 during configuration or operation. Additionally, memory 120 may 
include portions or the entirety of first buffer 130 and/or second buffer 140. In 
general, memory 120 may comprise any collection and arrangement of volatile or 
non-volatile, local or remote devices suitable for storing data, such as random access 
memory (RAM) devices, read only memory (ROM) devices, magnetic storage 
devices, optical storage devices, or any other suitable data storage devices. 

Network characteristics 180 represent information describing characteristics of 
first network 40 and second network 50 that mobile station 20 may use during 
operation. In particular embodiments, network characteristics 180 include jitter 
values and network delay values for first network 40 and second network 50, as 
discussed below. Network characteristics 180 may be pre-programmed into mobile 
station 20, transmitted to mobile station 20 during operation by a network monitor, 
calculated independently by mobile station 20, or obtained by mobile station 20 in any 
other appropriate manner. Furthermore, network characteristics 180 may represent 
nominal, worst-case, or any other measure of the relevant characteristics for this 
particular network, a related network, networks of the same type, or any other 
network or networks. In general, network characteristics 180 may include any 
suitable information pertaining to the composition, operation, performance and/or any 
other aspect of first network 40 or second network 50. 

Configuration information 190 represents information defining a configuration 
for mobile station 20 or individual components of mobile station 20. In a particular 
embodiment, configuration information 190 may include buffer sizes and/or playback 
delays for first buffer 130 and second buffer 140. In general, configuration 
information may include any parameters, settings, or other information that control 
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characteristics or operation of mobile station 20, and/or individual components of 
mobile station 20 during operation. Additionally, elements of configuration 
information 190 may be pre-programmed into mobile station 20, set by mobile station 
20 during power-up, determined by mobile station 20 whenever mobile station 20 
5 initiates a communication session, and/or stored at any other appropriate time. 

Although the description below assumes mobile station 20 sets configuration 
information 190 and otherwise configure mobile station 20, any portion of 
configuration information 190 may be set by mobile station 20, or programmed by a 
user, manufacturer, service provider, or any other party or component. 

10 In operation, mobile station 20 configures first buffer 130 and second buffer 

140 based on network characteristics 180 associated with first network 40 and second 
network 50. Mobile station 20 may configure first buffer 130 and second buffer 140 
before initiating commimication, or at any other appropriate time. Configuring first 
buffer 130 and second buffer 140 may include determining a first playback delay of 

15 first buffer 130 and a second playback delay of second buffer 140 based on network 

characteristics 180. Mobile station 20 may determine the first playback delay and the 
second playback delay by calculating values for first playback delay and second 
playback delay, accessing memories to retrieve first playback delay and second 
playback delay, or determine the first playback delay and second playback delay in 

20 any other suitable manner. 

In the illustrated embodiment, network characteristics 180 include a first 
maximum jitter 220 and a second maximum jitter 225. First maximum jitter 220 and 
second maximum jitter 225 represent the greatest amount of jitterexperienced by the 
relevant network over a particular period of time, a typical highest jitter experienced 

25 by networks of the same type as the relevant network, or any other suitable measure 

of actual, typical, or expected maximum jitter level or any other suitable value based 
on actual, typical, or expected maximum jitter levels. As one example, first 
maximum jitter 220 and second maximum jitter 225 may represent a value that is a 
predetermined level below the greatest measured jitter of the network. As another 

30 example, first maximum jitter 220 and second maximum jitter 225 may be determined 

based on a value representing a particular percentile, such as the ninetieth-fifth 
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percentile, of measured jitter values for the relevant network over a given time period 
or for networks similar to the relevant network. 

Additionally, in this embodiment, network characteristics 180 include first 
maximum delay 230 and second maximxmi delay 235, which may represent the time a 
5 packet would take to travel a longest path between node 30 and mobile station 20 on 

first network 40 and second network 50, respectively, absent other traffic on the path. 
First maximum delay 230 and second maximum delay 235 may represent any suitable 
measure of an actual, typical, or expected maximum delay or any other suitable value 
based on actual, typical, or expected maximum delays. As one example, first 

10 maximum delay 230 and second maximimi delay 235 may represent a value based on 

the ninety-fifth percentile of measured delays for the relevant network over a given 
time period or for networks similar to the relevant network. 

Network characteristics 180, as illustrated, also include first minimum delay 
240 and second minimum delay 245, which may represent the time a packet takes to 

15 travel a shortest path between node 30 and mobile station 20 on first network 40 and 

second network 50, respectively, absent other traffic on the path. First minimum 
delay 240 and second minimum delay 245 may represent any suitable measure of an 
actual, typical, or expected minimum delay or any other suitable value based on 
actual, typical, or expected minimum delays. As one example, first minimum delay 

20 240 and second minimum delay 245 may represent a value based on the fifth 

percentile of delays for the relevant network over a given time period or for networks 
similar to the relevant network.Network characteristics 180 may also include one or 
more values derived fi"om other network characteristics 180. These values may be 
calculated by mobile station 20 or provided to mobile station 20 by a user or another 

25 device. For example, assuming for the purposes of illustration that second minimum 

delay 245 is greater than first maximum delay 230, mobile station 20 may calculate a 
maximvim delay difference 250 which represents the difference between second 
maximum delay 235 and first minimum delay 240. Mobile station 20 may also 
calculate a minimimi delay difference 255 which represents the difference between 

30 second minimvim delay 245 and first maximum delay 230. Network characteristics 

180, in a particular embodiment, may include both maximum delay difference 250 
and minimum delay difference 255. 
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Depending on the configuration and characteristics of mobile station 20, 
mobile station 20 may then use network characteristics 1 80 in any suitable manner to 
determine a playback delay for first buffer 130, a first playback delay, and a playback 
delay for second buffer 140, a second playback delay. In a particular embodiment, 
5 mobile station 20 may determine the first playback delay based on the greater of first 

maximum jitter 220 and the sirai of second maximvim jitter 225 and maximum delay 
difference 250. In this embodiment, mobile station 20 may also determine the second 
playback delay based on the greater of second maximum jitter 225 and the difference 
between first maximum jitter 220 and minimum delay difference 255. More 
10 specifically, mobile station 20 may determine the first playback delay and the second 

playback delay according to the following formulas: 

first playback delay = MAX(first maximimi jitter, second maximum jitter + 
maximum delay difference) 

second playback delay = MAX(second maximum jitter, first maximum jitter - 
1 5 minimum delay difference) 

By determining first playback delay based on first maximum jitter 220, mobile 

station 20 may be able to ensure that playback of first network packets 210 will not be 

disrupted by jitter on first network 40. Furthermore, by also determining the first 

playback delay based on second maximum jitter 225 adjusted by the difference 

20 between the network delays of the two networks, mobile station 20 may cause 

playback of a particular first network packet 210 to be delayed until second buffer 140 
has received the corresponding second network packet 215. This may ensure that the 
appropriate second network packet 215 will always be available for mobile station 20 
to execute a seamless switchover from first network packets 210 to second network 

25 packets 215. 

After determining the first playback delay and the second playback delay, 
mobile station 20 may configure first buffer 130 and second buffer 140 using these 
values. In the illustrated embodiment, mobile station 20 configures first buffer 130 
and second buffer 140 by storing the first playback delay and the second playback 

30 delay in configuration information 190 as first playback delay 260 and second 

playback delay 265, respectively. In such an embodiment, processor 110, output 
module 170, first buffer 130, and/or second buffer 140 may later reference first 
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playback delay 260 and second playback delay 265, or other elements of 
configuration information 190 to determine an appropriate amount of time to store 
packets received by mobile station 20. 

Alternatively, as suggested above, mobile station 20 may be configured by a 
5 user or other party, or by another device or devices, prior to operation of mobile 

station 20. As one example, configuration information 190 may be programmed into 
a read-only memory (ROM) of mobile station 20 by a manufacturer, using typical 
values for network characteristics 180 and configuration information 190. As another 
example, configuration information 190 may be programmed into a re-programmable 

10 random access memory (RAM) of mobile station 20 by a service provider using 

network characteristics 180 of a home network associated with mobile station 20. In 
general, mobile station 20 may be configured by any appropriate party or device in 
any appropriate manner, including, as described above, auto-configured before 
operation by mobile station 20. 

15 After configuring first buffer 130 and second buffer 140, mobile station 20 

initiates communication with node 30 over first network 40 using first interface 150. 
While communicating over first network 40, mobile station 20 receives first network 
packets 210 fi-om node 30 through first interface 150. Mobile station 20 stores each 
first network packet 210 in first buffer 130 for a period of time based on first playback 

20 delay 260 and then plays first network packets 210 using output module 170, 

For the purposes of this description, first network packets 210 may be stored 
in first buffer 130 an amoimt of time that is based in any suitable manner on first 
playback delay 260. For example, in a particular embodiment, first playback delay 
260 may represent a maximum amount of time first network packets 210 are stored in 

25 first buffer 130. Thus, if a particular first network packet 210 arrives at mobile station 

20 out of order, that first network packet 210 may be moved ahead of other first 
network packets 210 in first buffer 130 to correct the ordering and, as a result, may be 
stored in first buffer 130 less than the maximum amount of time. 

If mobile station 20 detects a handoff trigger, for example as a result of 

30 moving into an area associated with second network 50, mobile station 20 may begin 

communicating with node 30 over second network 50 using second interface 160. As 
a result, mobile station 20 may begin to receive second network packets 215 from 
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node 30. Mobile station 20 stores each second network packet 215 in second buffer 
140 for a period of time based on second playback delay 265 and then discards or 
otherwise disposes of that particular second network packet 215. 

For the purposes of this description, second network packets 215 may be 
5 stored in second buffer 140 an amount of time that is based in any suitable manner on 

second playback delay 265. For example, in a particular embodiment, second 
playback delay 265 may represent a maximum amount of time second network 
packets 215 are stored in second buffer 140. Thus, if a particular second network 
packet 215 arrives at mobile station 20 out of order, that second network packet 215 

10 may be moved ahead of other second network packets 215 in second buffer 140 to 

correct the ordering and, as a result, may be stored in second buffer 140 less than the 
maximum amount of time. 

Mobile station 20 may then execute a switchover between communication on 
first network 40 and communication on second network 50. As part of the 

15 switchover, mobile station 20 may synchronize first network packets 210 and second 

network packets 215 to identify a second network packet 215 stored in second buffer 
140 that corresponds to the first network packet 210 current being played, as 
described above. Mobile station 20 may then proceed with the handoff and begin 
playing second network packets 215 starting with the identified second network 

20 packet 215 or with second network packets 215 that follow the identified second 

network packet 215. Because mobile station 20 determines first playback delay 260 
based on the network characteristics of both first network 40 and second network 50, 
mobile station 20 may ensure that, at any point during the communication session, 
second buffer 140 has received the second network packet 215 corresponding to the 

25 currently playing first network packet 210. Additionally, this configuration may 

ensure that mobile station 20 meets jitter requirements of second network 50 after 
switchover. 

Subsequent to this handoff, mobile station 20 or second network 50 may 
detect a second handoff trigger indicating to the detecting component that a handoff 
30 between second network 50 and first network 40 is appropriate. As a result, mobile 

station 20 may synchronize second network packets 215 and first network packets 210 
to identify a first network packet 210 that corresponds to the second network packet 
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215 mobile station 20 is currently playing. Because mobile station 20 determines 
second playback delay 265 based on the network characteristics of both first network 
40 and second network 50, mobile station 20 may ensure that, at any point during the 
communication session, first buffer 130 has received the first network packet 210 
5 corresponding to the currently playing second network packet 215. 

Thus, by setting first playback delay 260 and second playback delay 265 based 
on the above formulas, mobile station 20 may be able to provide seamless handofif 
between first network 40 and second network 50, despite jitter 2ind network delay 
associated with first network 40 and second network 50. More specifically, by 

10 determining the playback delay for each buffer based on the jitter values of the two 

networks and on the difference in network delays between the two networks, a 
particular embodiment of mobile station 20 may be able to ensure that following 
switchover the new buffer will contain a packet that corresponds to the packet being 
played firom the current buffer. 

15 FIGURE 3 illustrates an embodiment of mobile station 20 that includes 

dynamic buffers, a first dynamic buffer 310 and a second dynamic buffer 320. In 
such an embodiment, mobile station 20 may be capable of adjusting playback delays 
associated with first dynamic buffer 310 and second dynamic buffer 320 to 
compensate for changes in first network 40, second network 50, and/or network 

20 characteristics 180. More specifically, mobile station 20 may configure and/or re- 

configure first dynamic buffer 310 by adjusting a first current playback delay 330, 
which may fluctuate between a first low playback delay 340 and a first high playback 
delay 350. Second dynamic buffer 320 may also be configured to have a variable 
playback delay, a second current playback delay 335, which may fluctuate between a 

25 second low playback delay 345 and a second high playback delay 355. However, if 

first dynamic buffer 310 and second dynamic buffer 320 store packets for too long 
before playing the packets, the user may experience excess delay or other forms of 
degradation in the communication session. Mobile station 20, in this embodiment, 
may be able to, under appropriate circumstances, re-configure first djmamic buffer 

30 310 and second dynamic buffer 320 to provide lower playback delays, but with an 

increased probability of lost packets. Thus, mobile station 20 may be able to adjust 
playback delays associated with the dynamic buffers to achieve an acceptable 
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combination of playback delay and packet loss. 

Additionally, in the illustrated embodiment, network characteristics 180 of 
mobile station 20 include first minimum jitter 360, second minimum jitter 365, first 
nominal jitter 370, and second nominal jitter 375. First minimum jitter 360 and 
5 second minimum jitter 365 represent a low jitter value for first network 40 and second 

network 50, respectively. First minimum jitter 360 and second minimum jitter 365 
may represent a lowest jitter experienced by the relevant network over a particular 
period of time, a typical lowest jitter experienced by networks of the same type as the 
relevant network, or any other suitable measure of an actual, typical, or expected 

10 minimum jitter level or any other suitable value based on actual, typical, or expected 

minimum jitter levels. As one example, first minimum jitter 360 and second 
minimum jitter 365 may represent a value that is a predetermined level above the 
lowest jitter of the network. As another example, first minimum jitter 360 and second 
minimum jitter 365 may be determined based on a value representing a particular 

15 percentile, such as the fifth percentile, of measured jitter values for networks similar 

to first network 40 and second network 50. 

First nominal jitter 370 and second nominal jitter 375 may represent a nominal 
jitter experienced by first network 40 and second network 50, respectively. First 
nominal jitter 370 and second nominal jitter 375 may represent an average jitter 

20 experienced by the relevant network over a particular period of time, a typical jitter 

experienced by networks of the same type as the relevant network, or any other 
suitable measure of nominal, average, typical, or expected jitter level or any other 
suitable value based on nominal, average, typical, or expected jitter levels. As one 
example, first nominal jitter 360 and second nominal jitter 365 may be determined 

25 based on a value representing a predetermined percentile, such as the fiftieth 

percentile, of nominal jitter values for networks similar to first network 40 and second 
network 50. 

Mobile station 20 may set a first target delay 380 and a second target delay 
385 that represent a playback delay goal for first dynamic buffer 310 and second 
30 dynamic buffer 320 at switchover. In a particular embodiment, mobile station 20 

determines first target delay 380 based on second nominal jitter 375 and second target 
delay 385 based on first nominal jitter 370. Assuming, as above, that first maximum 
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delay 230 is less than second minimum delay 245, mobile station 20 may detemiine 
first target delay 380 and second target delay 385 based on the following formulas: 

first target delay = second nominal jitter + maximum delay difference 
second target delay = first nominal jitter - minimum delay difference 

5 In a particular embodiment, first dynamic buffer 310 and second dynamic 

buffer 320 may be configured conservatively with greater playback delays to provide 

a lesser chance of packets arriving too late to be played. In such an embodiment, 

mobile station 20 may set first low playback delay 340 to ensure that first current 

playback delay 330 does not fall below first target delay 380 and second low playback 

10 delay 345 to ensure that second current playback delay 335 does not fall below second 

target delay 385. Thus, first low playback delay 340 and second low playback delay 
345 may be set according to the following formulas: 

first low delay value = MAX (first low jitter, first target delay) 
second low delay value = MAX (second low jitter, second target delay) 

15 By determining first low playback delay 340 based on first minimum jitter 360 

and second low delay value based on second minimum jitter 365, mobile station 20 
may ensure that first dynamic buffer 310 and second dynamic buffer 320 satisfy the 
jitter requirements of their respective network during normal operation. Additionally, 
by determining first low playback delay 340 and second low playback delay 345 

20 based also on first target delay 380 and second target delay 385, respectively, mobile 

station 20 may be able to ensure that first current playback delay 330 will be greater 
than first target delay 380 and that second current playback delay 335 will be greater 
than second target delay 385 when a switchover between the networks occurs. 

In another embodiment, first dynamic buffer 310 and second dynamic buffer 

25 320 may be configured more aggressively with shorter playback delays to provide 

improved communication service, but with an increased chance of packets arriving 
too late to be played. In such an embodiment, mobile station 20 may configure first 
dynamic buffer 310 and second dynamic buffer 320, during normal operation, 
according to conventional jitter buffer management techniques. Thus, mobile station 

30 20 may set first low playback delay 340 and second low playback delay 345 based on 

first minimum jitter 360 and second minimum jitter 365, respectively. More 
specifically, mobile station 20 may set first low playback delay 340 and second low 
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playback delay 345 according to the following formulas: 
first low delay value = first low jitter 
second low delay value = second low jitter 

Depending on which network mobile station 20 is currently utilizing, mobile 
5 station 20 may attempt to adjust first current playback delay 330 or second current 

playback delay 335 to meet first target delay 380 or second target delay 385, 
respectively, when mobile station 20 detects a handoff trigger. For example, if mobile 
station 20 detects a handoff trigger while communicating on first network 40, mobile 
station 20 may attempt to adjust first current playback delay 330 to meet first target 

10 delay 380. Mobile station 20 may adjust first current playback delay 330 and/or 

second current playback delay 335 using conventional methods for managing 
dynamic jitter buffers or any other appropriate techniques. For example, mobile 
station 20 may adjust the playback delays by adding concealment or silent packets or 
by dropping packets associated with silence in the communication session. 

15 Mobile station 20 may only have a limited amount of time to increase first 

current playback delay 330 or second current playback delay 335. In a particular 
embodiment, mobile station 20 may detect a handoff termination that indicates mobile 
station 20 should execute switchover between first network 40 and second network 50 
and complete the handoff. The handoff termination may represent a determination 

20 that mobile station 20 can no longer detect one of the networks, a determination that a 

pre-determined amount of time has elapsed since the handoff trigger, or any other 
appropriate event causing mobile station 20 to complete the handoff. For example, 
after detecting the handoff trigger, mobile station 20 may move out of range of first 
network 40 and may be forced to switchover to second network 50. 

25 Additionally, mobile station 20 may be limited as to how quickly mobile 

station 20 can adjust the current playback delays. Thus, mobile station 20 may 
increase the current playback delay of the relevant dynamic buffer until the current 
playback delay reaches the target delay for that buffer or imtil mobile station 20 
detects the handoff termination. For example, if mobile station 20 is playing fi"om 

30 first dynamic buffer 310 when mobile station 20 detects the handoff trigger, mobile 

station 20 may increase first current playback delay 330 xmtil first current playback 
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delay 330 reaches first target delay 380 or until mobile station 20 detects the handoff 
termination. 

If mobile station 20 is unable to adjust the relevant current playback delay to 
the target delay for that dynamic buffer before executing the switchover, the 
appropriate packets may not be in the new buffer when the switchover occurs. As a 
result, mobile station 20 may be unable to ensure a seamless handoff in this 
embodiment. Thus, this embodiment of mobile station 20 may provide a more 
aggressive configuration for mobile station 20 that allows mobile station 20 to operate 
with smaller playback delays during normal operation but that also increases the 
possibility of lost packets or a non-seamless switchover at handoff. 

FIGURE 4 is a flowchart illustrating operation of a mobile station 20 in 
executing a handoff between first network 40 and second network 50, according to a 
particular embodiment. Mobile station 20 in this embodiment is assumed to include 
first buffer 130 and second buffer 140 that represent static jitter buffers. For the 
purposes of illustration, the described embodiment is assumed to be operating with 
first network 40 and second network 50 configured such that first maximxmi delay 
230 is less than second minimum delay 245. 

At step 400, mobile station 20 begins receiving media from first network 40. 
Mobile station 20 stores the media from first network 40 in first buffer 130, at step 
410. At step 420, mobile station 20 begins playing media from first network 40 after 
the media fi"om first network 40 has been stored in first buffer 130 an amount of time 
based on at least first playback delay 260. Mobile station 20, another device, or a user 
or other party may determine first playback delay 260 based on a delay value of the 
first network, a jitter value of the first network, a delay value of a second network, 
and a jitter value of the second network. 

At step 430, mobile station 20 detects a handoff trigger. At step 440, mobile 
station 20 begins receiving media fi"om second network 50. Mobile station 20 stores 
the media fi-om second network 50 in second buffer 140, at step 450. At step 460, 
mobile station 20 begins playing media firom second network 50 after the media fi-om 
second network 50 has been stored in second buffer 140 an amount of time based on 
second playback delay 265. Mobile station 20, another device, or a user or other party 
may determine second playback delay 265 based on a delay value of the first network. 
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a jitter value of the first network, a delay value of a second network, and a jitter value 
of the second network. Thus, using this or similar methods, particular embodiments 
of mobile station 20 can provide seamless handoffs between networks despite 
potential differences between the networks. 

While the embodiments illustrated and the preceding description focus on a 
particular embodiment of mobile station 20 that includes specific elements, 
communication system 10 contemplates mobile station 20 having any suitable 
combination and arrangement of elements for facilitating communication and 
executing handoffs. Therefore, the components and functionalities described may be 
separate or combined as appropriate, and some or all of the functionalities of mobile 
station 20 may be performed by logic encoded in media, such as software and/or 
programmed logic devices. Moreover, communication system 10 contemplates 
mobile station 20 incorporating any suitable number and type of elements, such as 
processors, memory devices, network interfaces, and other elements suitable for 
providing the functionalities described in addition to any other suitable operations in 
any appropriate manner. 

Although the present invention has been described with several embodiments, 
a myriad of changes, variations, alterations, transformations, and modifications may 
be suggested to one skilled in the art, and it is intended that the present invention 
encompass such changes, variations, alterations, transformations, and modifications as 
fall within the scope of the appended claims. 



